A 38 kHz upward-facing echosounder was deployed on the seafloor at a depth of 875 m in Monterey Bay, CA, USA (36 • 42.748' N, 122 • 11.214' W) This 18-month record of acoustic backscatter was compared to oceanographic time series from a nearby data buoy to investigate the responses of animals in sound-scattering layers to oceanic variability at seasonal and sub-seasonal time scales. Pelagic animals, as measured by acoustic backscatter, moved higher in the water column and decreased in abundance during spring upwelling, attributed to avoidance of a shoaling oxycline and advection offshore. Seasonal changes were most evident in a non-migrating scattering layer near 500 m depth that disappeared in spring and reappeared in summer, building to a seasonal maximum in fall. At sub-seasonal time scales, similar responses were observed after individual upwelling events, though they were much weaker than the seasonal relationship. Correlations of acoustic backscatter with oceanographic vari- * Corresponding author ability also differed with depth. Backscatter in the upper water column decreased immediately following upwelling, then increased approximately 20 days later. Similar correlations existed deeper in the water column, but at increasing lags, suggesting that near-surface productivity propagated down the water column at 10-15 m d −1 , consistent with sinking speeds of marine snow measured in Monterey Bay. Sub-seasonal variability in backscatter was best correlated with sea-surface height, suggesting that passive physical transport was most important at these time scales.
plankton and nekton (Haeckel, 1890) is somewhat arbitrary. Coupling to ity have been well studied at interannual (McGowan et al., 2003) , seasonal 48 (Bolin and Abbot, 1963; Service et al., 1998) , and sub-seasonal time scales (Table 1) . Upwelling and fluorescence were more episodic, 202 with only 13% and 14% of their variabilities explained by the seasonal models 203 (Table 1) .
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r = −0.47 Figure 5 ). The strongest relationship between upwelling variables and ani-234 mal distribution was found in the CM, which was negatively correlated with 235 SST at all lags, with its minimum (ρ = -0.23) at 14-15-day lags. The CM 236 was also negatively correlated with fluorescence at lags between 0 and 18 237 days, though not as strongly as with temperature. Taken together, these 238 correlations indicate that the total animal abundance decreased slightly over 239 one to three weeks following upwelling events, while moving up in the water 240 column.
241
Of the environmental series examined, backscatter was best correlated with sea level. Cross-correlation of total backscatter with sea level was high-243 est (ρ = 0.31) at a 0-day lag. The center of mass was significantly negatively 244 correlated with sea level at lags from 0 to 38 days. Together, these corre-245 lations indicate that above-average sea levels were associated with increased 246 backscatter deeper in the water column.
247
The correlation of backscatter to environmental variability also varied as 248 a function of depth ( Figure 6 ). Backscatter through the water column was 249 negatively correlated with alongshore wind stress, indicating decreases in 250 animal density immediately following upwelling winds ( Figure 6A ). At 40-75 251 day lags, the CCF became positive around 300 and 600 m, indicating that 252 backscatter increased at these depths.
253
The effects of temperature on backscatter depended more on depth than 1 m 2 m −2 ) in the upper 300 m of the water column: α
wind is the regression coefficient for wind stress at a 5-day lag, α
SSH is the regression coefficient for sea-surface height at a 0-day lag, and φ (h) is the autoregressive coefficient at lag h (in days).
Parameter α it it is, in a sense, a geostrophic eddy with a coastline running through its 438 center (Gill and Clarke, 1974; Wang and Mooers, 1976) . 
